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Description 

ELECTRONIC DEVICE HAVING A 
PLURALITY OF METALLIC BALLS FOR 
TRANSMITTING SIGNALS BETWEEN TWO 

CIRCUIT BOARDS 

Background of Invention 
[000 1 ] 1. Field of the Invention 

[0002] The present invention relates to an electronic device, more 
specifically, to an electronic device having a plurality of 
metallic balls for transmitting signals between two circuit 
boards and a method for making such device. 

[0003] 2. Description of the Prior Art 

[0004] with the fast development of electronics technology, most 
electronic devices are not made up of electronic compo- 
nents individually, but of electronic modules providing 
different functions. Electronic devices being composed of 
electronic modules not only lowers the cost of these elec- 
tronic devices, but improves the quality of these electronic 



devices because the electrical contacts of these electronic 
devices are fewer than those composed of individual elec- 
tronic components. Typically, electronic devices comprise 
a lot of electronic modules providing different functions, 
so they need different connectors for transmitting signals 
between electronic modules. 
[0005] please refer to Fig.l. Fig. 1 is a schematic diagram of a 
conventional electronic device 10. The electronic device 
10 comprises a primary circuit board 12, a secondary cir- 
cuit board 14, a plurality of electronic components 16 set 
on the primary circuit board 12, a plurality of electronic 
components 18 set on the secondary circuit board 14, a 
male connector 20 set on the primary circuit board 12, 
and a female connector 22 set on the secondary circuit 
board 14. The male connector 20 comprises a plurality of 
input/output ends 24, and the female connector 22 also 
comprises a plurality of input/output ends 26 corre- 
sponding to the input/output ends 24. The input/output 
ends 24 of the male connector 20 and the input/output 
ends 26 of the female connector 22 are used for transmit- 
ting signals between the plurality of electronic compo- 
nents 16 set on the primary circuit board 12 and the plu- 
rality of electronic components 18 set on the secondary 



circuit board 14. 
[0006] For example, the electronic device 10 is a cellular phone. 
An input/output module is composed of the primary cir- 
cuit board 12, the plurality of electronic components 16 
set on the primary circuit board 12, and the male connec- 
tor 20. A communication module is composed of the sec- 
ondary circuit board 14, the plurality of electronic compo- 
nents 18 set on the secondary circuit board 14, and the 
female connector 22. The plurality of electronic compo- 
nents 16 set on the primary circuit board 12 are common 
input/output electronic components of the input/output 
module, such as pushbuttons, amplifier systems, and liq- 
uid crystal displays (LCDs). The plurality of electronic 
components 18 set on the secondary circuit board 14 are 
necessary electronic components of the communication 
module, such as RF circuits and baseband circuits. A user 
can use the cellular phone by pushing the pushbuttons 
and reading messages received by the communication 
module through the amplifier systems and LCDs in the in- 
put/output module. Because the communication module 
and input/output module are both mature electronic 
modules, meaning the qualities of the two modules are 
quite steady, new electrical contacts in the cellular phone 



only appear between the plurality of input/output ends 26 
of the female connector 22 in the communication module 
and the plurality of input/output ends 24 of the male con- 
nector 20 in the input/output module. Therefore, as long 
as we control the qualities of these few new electrical 
contacts, we can ensure the quality of the assembled cel- 
lular phone. 

[0007] N 0t on |y t he electronic device 10 composed of modular 

components has the abovementioned advantage; the elec- 
tronic device 10 can also be composed of other kinds of 
electronic modules. Respective connectors transmit the 
signals between the communication module and the in- 
put/output module in the cellular phone so the female 
connector 22 in the communication module is easily 
plugged into the male connector 20 of the input/output 
module. Manufacturers of cellular phones are able to as- 
semble the communication modules and other input/ 
output modules, or the input/output modules and other 
communication modules having different communication 
functions, to fit the diverse needs of the market. 

[0008] The conventional electronic device 10 composed of the 
electronic modules with connectors is easy to assemble, 
however, the conventional electronic device 10 has at 



least the following defects: 

[0009] i)The thicknesses of the male connector 20 and the fe- 
male connector 22 electrically connecting the primary cir- 
cuit board 12 and the secondary circuit board 14 typically 
exceeds 4 mm., and this thickness increases when includ- 
ing the pins of the connectors. The size of the electronic 
device 10 including the connectors is difficult to reduce. 
This does not meet the basic needs of lightness, thinness, 
and compactness for modern electronic devices. 

[0010] 2)With complicated circuit designs, the number of input/ 
output ends for all kinds of electronic modules increase 
dramatically. A single-line male connector 20 and female 
connector 22 on the primary circuit board 12 and sec- 
ondary circuit board 14 are often inadequate and replaced 
with a rectangular array of embedded connectors for 
enough input/output ends. When the need of input/out- 
put ends of electronic modules is further increased, the 
rectangular array of embedded connectors are inadequate, 
and the only solution is to enlarge the size of circuit 
boards. However, this does not meet the basic needs of 
lightness, thinness, and compactness for modern elec- 
tronic devices, either. 

[001 1] 3)Connectors, especially a rectangular array of embedded 



connectors, increase the cost and weight of the electronic 
device 10. 

[0012] 4)Generally speaking, most electronic devices have to be 
made through the procedure of high temperature fusing 
in a reflow oven. The circuits in the electronic modules 
cannot stand long-time and multiple procedures of high 
temperature fusing, that is they cannot be kept flat after 
experiencing such procedures. The rigidity of the circuit 
boards results in solder cracks between the connector and 
the circuit board and further leads to a poor and intermit- 
tent electrical connections between electronic modules. 
Summary of Invention 

[0013] it is therefore a primary objective of the claimed invention 
to solve the above-mentioned problems by providing an 
electronic device having a plurality of metallic balls set on 
a circuit board in an electronic module to connect circuit 
boards. 

[0014] The claimed invention electronic device includes a primary 
circuit board, a secondary circuit board fixed on the pri- 
mary circuit board, and a plurality of metallic balls electri- 
cally connected between the primary circuit board and the 
secondary circuit board for transmitting signals between 
the primary circuit board and the secondary circuit board. 



[0015] The plurality of metallic ballsin the claimed invention 

electronic device is adhered to the secondary circuit board 
by a thin layer of adhesive, welded on the secondary cir- 
cuit board after passing through a reflow oven. The sec- 
ondary circuit board is connected with the primary circuit 
board through the procedure of melting and solidification. 
The secondary circuit board further comprises a metallic 
frame and a metallic shielding cap both for preventing the 
electronic components on the secondary circuit board 
from being interfered with by other signals or electro- 
magnetic radiation when operating. 

[0016] These and other objectives of the claimed invention will 

no doubt become obvious to those of ordinary skill in the 

art after reading the following detailed description of the 

preferred embodiment that is illustrated in the various 

figures and drawings. 
Brief Description of Drawings 

[0017] pig.l is a schematic diagram of a conventional modular 
electronic device. 

[0018] pig. 2 is a schematic diagram of an electronic device ac- 
cording to the present invention. 

[0019] pig. 3 is a side view of the electronic device of Fig. 2. 



[0020] pig. 4 is a bottom view of the secondary circuit board of 
Fig. 2. 

[0021] pig. 5 is a diagram showing a relationship between tem- 
perature and time in a reflow oven according to the 
present invention. 

[0022] Fig. 6 is a flow chart of a method of connecting a circuit 

board with another circuit board by a plurality of metallic 

balls according to the present invention. 
Detailed Description 

[0023] please refer to Fig. 2, Fig. 3, and Fig. 4. Fig. 2 is a schematic 
diagram of an electronic device 30 according to the 
present invention. The electronic device 30 includes a pri- 
mary circuit board 32 and a secondary circuit board 34, 
wherein these two circuit boards can be printed circuit 
boards. Fig. 3 is a side view of the electronic device 30. 
Fig. 4 is a bottom view of the secondary circuit board 34 in 
the electronic device 30. A plurality of electronic compo- 
nents 36 is set on the primary circuit board 32 in the 
electronic device 30. The secondary circuit board 34 of 
the electronic device 30 comprises a plurality of digital 
electronic components 38 for receiving and transmitting 
digital signals, a plurality of analog electronic components 
40 for receiving and transmitting analog signals, a metal- 



lie frame 42 having a shape that comprises two substan- 
tially parallel line segments joined at corresponding ends 
by a line segment that is substantially perpendicular to 
the two parallel line segments, and a metallic shielding 
cap 44. The metallic shielding cap 44 covers the sec- 
ondary circuit board 34 for shielding the pluralities of 
electronic components 38, 40 on the secondary circuit 
board 34 to prevent the pluralities of electronic compo- 
nents from being interfered with by electromagnetic radi- 
ation. The pluralities of electronic components 38, 40 
could be set on the secondary circuit board 34 by means 
of surface mount technology (SMT). The metallic frame 42 
is set between the plurality of digital electronic compo- 
nents 38 and the plurality of analog electronic compo- 
nents 40, and its top bonds to the metallic shielding cap 
44. The digital and analog signals respectively from the 
two different types of the electronic components are sep- 
arated by the metallic frame 42 to prevent the digital 
electronic components 38 and the analog electronic com- 
ponents 40 from mutually interfering when operating. The 
shape of the metallic frame 42 helps the metallic frame 42 
to stand in a self-supporting manner on the secondary 
circuit board 34. A protrusion 48 is positioned on one 



side of the metallic frame 42 and is used to hold the 
metallic frame 42 during manufacture. 

[0024] please refer to Fig. 3 and Fig. 4. A plurality of metallic balls 
46 electrically connecting a bottom surface of the primary 
circuit board 32 and a top surface of the secondary circuit 
board 34 (the connecting way is illustrated afterward.) is 
used to transmit signals between the primary circuit board 
32 and the secondary circuit board 34. The metallic balls 
46 are made of a eutectic tin ball having a ratio of tin to 
lead of 63:47, or can be made of other elements. 

[0025] The electronic device 30 could be a cellular phone, a PDA, 
or a notebook computer. For instance, an input/output 
module is composed of the primary circuit board 32 and 
the plurality of electronic components 36 on the primary 
circuit board 32. A communication module is composed 
of the secondary circuit board 34, the pluralities of elec- 
tronic components 38, 40 on the secondary circuit board 
34, the metallic frame 42 on the secondary circuit board 
34, the metallic shielding cap 44, and the plurality of 
metallic balls 46. 

[0026] | n the preferred embodiment of the present invention, the 
electronic device 30 is a cellular phone. A communication 
module is composed of the secondary circuit board 34, 



the plurality of digital electronic components 38, the plu- 
rality of analog electronic components 40, the metallic 
frame 42, the metallic shielding cap 44, and the plurality 
of metallic balls 46. The plurality of digital electronic 
components 38 comprises a digital signal processor (DSP), 
a microprocessor, an ADC/DAC, a memory, and so on for 
a baseband circuit. The plurality of analog electronic com- 
ponents 40 comprises a transceiver, a power control (PA), 
a T/R switch, and so on for an RF circuit. The number of 
the metallic balls is not less than 145. An input/output 
module is composed of the primary circuit board 32 and 
the plurality of electronic components 36 on the primary 
circuit board 32. The metallic balls 46 are adhered to the 
secondary circuit board 34 by a thin layer of an adhesive 
such as a flux. A method of connecting the primary circuit 
board 32 being the input/output module and the sec- 
ondary circuit board 34 being the communication module 
by the plurality of metallic balls 46 is as follows. First, the 
communication module adhered to the plurality of metal- 
lic balls 46 is set in a heating apparatus like a reflow oven, 
where the temperature is adjusted according to a relation- 
ship between temperature and time. After the plurality of 
metallic balls 46 melts and solidifies quickly, the commu- 



nication module is taken out from the reflow oven and 
placed correspondingly on the input/output module. Then 
the communication module and input/output module are 
together positioned in the reflow oven. After the plurality 
of metallic balls 46 on the communication module melts 
and solidifies, the communication module is connected 
with the input/output module by the plurality of metallic 
balls 46. 

[0027] please refer to Fig. 5. Fig. 5 is a diagram showing a rela- 
tionship between temperature and time. The plurality of 
metallic balls 46 and the communication module not per- 
manently connected with the plurality of metallic balls 46 
are set in the reflow oven at a time tO. During a period of 
time the temperature in the reflow oven is gradually in- 
creased, and moisture in the electronic components in the 
communication module gradually decreases. At a time tl, 
the temperature in the reflow oven rapidly rises to a tem- 
perature T, the eutectic melting point of tin and lead of 
the metallic solder balls 46. In other words, when the 
temperature in the reflow oven reaches the temperature T 
(about 220-240 centigrade), the plurality of metallic balls 
46 in the communication module melts completely. The 
temperature in the reflow oven is then kept at the tern- 



perature T for a period (about 5-10 seconds depending 
on the type of reflow oven). At a time t2, the temperature 
in the reflow oven is decreased quickly to solidify the 
melted plurality of metallic balls 46, and the plurality of 
metallic balls 46 becomes tightly connected with the com- 
munication module. Then, the communication module 
connected with the plurality of metallic balls 46 is com- 
bined with the input/output module according to the 
aforesaid procedure. After the communication module is 
connected with the input/output module by the plurality 
of metallic balls 46, even if the primary circuit board 32 
and the secondary circuit board 34 are distorted because 
of a high transient temperature in the reflow oven, the 
melted and solidified metallic balls 46 can tightly connect 
the primary circuit board 32 and the secondary circuit 
board 34. Therefore, there is no problem of a poor and 
intermittent electrical connection found in the conven- 
tional electronic device 10. 
[0028] The abovementioned procedure of connecting the com- 
munication module and input/output module by metallic 
balls 46 is actually a method of connecting the primary 
circuit board 32 and the secondary circuit board 34 by the 
plurality of metallic balls 46. Please refer to Fig. 6. Fig. 6 is 



a flow chart of the abovementioned method of connecting 
the two circuit boards. The method comprises the follow- 
ing steps: 

[0029] step 100:Begin;(The plurality of electronic components 36 
is set on the first side of the primary circuit board 32 and 
the pluralities of electronic components 38, 40 are set on 
the first side of the secondary circuit board 34.) 

[0030] step 110:Adhere the plurality of metallic balls 46 to the 
back of the first side of the secondary circuit board 34 by 
a flux; 

[0031] step 120:Dispose the secondary circuit board 34 and the 
adhered plurality of metallic balls 46 in the reflow oven; 

[0032] step 130:Remove the secondary circuit board 34 from the 
reflow oven after the plurality of metallic balls 46 entirely 
melts, solidifies, and connects with the secondary circuit 
board 34; 

[0033] step 140:Dispose the two circuit board 32, 34 in the re- 
flow oven after the secondary circuit board 34 is set on 
the primary circuit board 32 thereby bonding the plurality 
of metallic balls 46 to the first side of the primary circuit 
board 32; 

[0034] step 150:Remove the primary circuit board 32 connected 
with the secondary circuit board 34 from the reflow oven 



after the plurality of metallic balls 46 connects the two 
circuit boards 32, 34; 
[0035] step 160:End. 

[0036] (At this time, the secondary circuit board 34 is tightly 

connected with the primary circuit board 32 by the plural- 
ity of metallic balls 46, which allows the pluralities of 
electronic components 38, 40 on the secondary circuit 
board 34 to transmit data to the plurality of electronic 
components 36 on the primary circuit board 32, and like- 
wise allows the plurality of electronic components 36 on 
the primary circuit board 32 to transmit data to the plu- 
ralities of electronic components 38, 40 on the secondary 
circuit board 34. 

[0037] The size, number, and arrangement of the metallic balls 
on the secondary circuit board 34 and the interval be- 
tween metallic balls could be revised for the actual re- 
quirements of the electronic device 30. Generally speak- 
ing, the abovementioned standards are implemented by 
referring to the ball grid array package (BGA package) for 
convenience of manufacture. In other words, the plurality 
of metallic balls is adhered to the secondary circuit board 
34 with the communication module according to the ex- 
isting BGA package and the actual requirements of the 



electronic device 30. 

[0038] The pin quantity of the BGA package is much more than 
those of the dual in-line package (DIP) and quad flat pack 
package (QFP). Because the BGA package is adopted for 
the plurality of metallic balls 46 on the secondary circuit 
board 34 in the electronic device 30, all of the plurality of 
metallic balls 46 are not necessarily used for input/output 
and the surplus metallic balls can be used for the particu- 
lar functionality of the communication module. Please re- 
fer to Fig. 4 again. In the Fig. 4, the metallic ball 46 in the 
dotted line is the output end of audio signals of the com- 
munication module. To prevent audio signals from the 
output end of audio signals of the communication module 
from being interfered with by noise, the metallic balls ad- 
jacent to the output end of audio signals provide ground- 
ing in advance during the layout procedure of the com- 
munication module. 

[0039] | n comparison with the conventional electronic device 

connecting the inner electronic modules together by con- 
nectors, the present invention electronic device connect- 
ing the communication module and input/output module 
by the plurality of metallic balls has the following advan- 
tages: 



[0040] i)Due to the diameter of the metallic ball being under 
0.75 mm, the communication module and input/output 
module are able to tightly connect together, meeting the 
needs of lightness, thinness, and compactness for modern 
electronic devices. 

[0041] 2)The pin density of the BGA package is much greater 

than those of the DIP and QFP so the density of the plural- 
ity of metallic balls 46 used as connectors in the present 
invention electronic device 30 is much greater than those 
of input/output ends of the connectors 20, 22 in the con- 
ventional electronic device 10. In other words, given the 
same area, the electronic modules in the present invention 
have more input/output ends than those in the conven- 
tional electronic device, and more varying circuit layouts 
are available the present invention electronic device 30 by 
using these input/output ends flexibly. 

[0042] 3)Compared with connectors, the plurality of metallic balls 
46 is light and cheap so the weight and cost of the 
present invention electronic device 30 lowered effectively. 

[0043] 4)The primary circuit board 32 and the secondary circuit 
board 34 have some deformation because the present in- 
vention electronic device 30 is moved in and out of the 
reflow oven several times. However, the metallic balls 46 



connecting the primary circuit board 32 and the sec- 
ondary circuit board 34 are good at handling the curved 
circuit boards and are able to tightly connect the distorted 
primary circuit board 32 and secondary circuit board 34. 
This does not lead to a poor and intermittent electrical 
connection as it does in the conventional electronic device 
10. 

[0044] 5)Connecting the primary circuit board 32 to the sec- 
ondary circuit board 34 by melting metallic balls improves 
the quality of signals transmitted between the two circuit 
boards 32, 34. 

[0045] 6)The greater the number of the metallic balls, the better 
bonding effect between the primary circuit board 32 and 
the secondary circuit board 34. And, the grounding effects 
of signals in the present invention are superior to those of 
the prior art. 

[0046] Additionally, the communication module packaged by the 
BGA has excellent electrical characteristicsand thermal 
dissipation. After the communication module passes many 
complicated tests and related authorizations, mobile 
phone manufacturers are capable of designing an MMI 
PCB according to the pin description standard of input/ 
output ends in the communication module to evolve into a 



vertical market structure, reducing production cost and 
assembly time. 

[0047] Those skilled in the art will readily observe that numerous 
modifications and alterations of the method may be made 
while retaining the teachings of the invention. Accord- 
ingly, the above disclosure should be construed as limited 
only by the metes and bounds of the appended claims. 



